Cadmium intake in relatively high amounts can be detrimental to human health. Over a long period of continuous intake, cadmium may accumulate in the kidney and liver and, because of its long biological half-life, may lead to kidney damage. Food is the major source of cadmium intake in the United States, and cadmium is present in most foods in low concentrations. The average daily lifetime intake of cadmium in adult males in the United States has been estimated at 10-20 pg, or 140 pg/week (1, 2) .
Because of inherent genetic and physiological characteristics, some food crops, including confectionery sunflowers, have a propensity to take up cadmium from the soil in which they are grown and deposit it in the kernels. As a consequence, the sunflower kernel has a higher natural concentration of cadmium than most other grains, even when grown on uncontaminated soils (3) .
The concentration of cadmium in confectionery sunflower kernels may range from 0.2 to 2.5 pg/g fresh weight, depending on the genotype, the seasonal conditions, and the local soil conditions in the area where the sunflowers are grown (3, 4) . Our laboratory analyzed 19 sample had boiled dry, 1.5 ml 30% H202 was added to completely oxidize the organic residue. When the H202 had evaporated, the mineral residue was dissolved in 2 ml 5% HNO3 and analyzed for cadmium by graphite furnace atomic absorption (GFAA) spectrometry using Zeeman background correction.
Serum was diluted 1:5 with deionized water and analyzed directly for iron, zinc, and copper by inductively coupled argon plasma emission spectrometry (ICAP).
Urine samples were analyzed for cadmium by GFAA without further processing and without dilution.
Diet and feces samples were lyophilized to constant weight. One and one-half grams of diet or 0.3 g feces was digested with 5 ml HNO3-HC104 (6:1 vol/vol; J.T. Baker, Instra-Analyzed) in Teflon tubes at 145°C until all organic material was removed. The ash residue from diet samples was diluted appropriately with 5% HNO3 and analyzed for iron, zinc, copper, and calcium by ICAP and for cadmium by GFAA. Fecal ash residue was treated similarly and analyzed for cadmium by GFAA.
GFAA analysis. The GFAA instrument was equipped with a stabilized temperature platform furnace with Zeeman background correction (Zeeman GFAA Spectrometer, Model 3030, Perkin-Elmer Co., Norwalk, CT). An electrodeless-discharge lamp was used with a spectral bandwidth of 0.7 nm. Peak area measurements were taken by using pyrolytic graphite tubes with graphite platforms inserted. The matrix modifier used for each type of sample was a 0.20% solution of NH4NO3. The automatic sampler was programmed to deliver 15 pl sample followed by 5 
Results
Quality control. Quality control standards that were run for all types ofsamples analyzed in this study fell within the range of acceptability. Table 2 shows the values of the quality control standards for cadmium. Analyzed values were within the ranges given for each reference material, with the coefficient of variation less than 6% for all standards except normal urine, where the cadmium values were extremely low and one would expect to CBMI is calculated by dividing the body weight in kilograms by the height in meters squared. >1 oz/day, and 2 of these men reported consuming >4 oz sunflower kernels/day. There were no significant differences in age or body mass index (BMI) with respect to sex or to sunflower kernel consumption. However, the women in the high consumption group tended to weigh more than those in the other group, but the difference was not significant (p>0.08) Table 4 shows the intake of calories, protein, and minerals as affected by sex and sunflower intake. As expected, men consumed more calories than women, but when expressed on a body weight basis, the difference disappeared (data not shown). Likewise, when expressed as intake per day, men consumed significantly more iron, zinc, and calcium than women (p<0.05). However, when expressed on a caloric basis, there were no differences between sexes. On the other hand, sunflower kernels contain higher amounts of copper than many foods, and this was reflected in a significant increase in copper intake for those volunteers who consumed >1 oz kernel/week (p<0.001). This was especially true for men. Even when expressed on a caloric basis, those who consumed high amounts of sunflower kernels had significantly higher intakes of copper (p<0.006).
The mineral concentrations in Table 4 were derived from values generated from a nutrient database and then adjusted with a correction factor obtained by actual chemical analyses of duplicate diets. Statistical analysis. The data were statistically analyzed with analysis of variance (ANOVA) as a 2 x 2 factorial, with sex and reported sunflower kernel intake as the two factors. When data did not meet the criteria for normal distribution, the ANOVA was performed on natural log (ln) transformed data. The Tukey (7) post-hoc test was run to determine differences between means when a significant interaction was observed. The ln transformed means were back-transformed and listed in the tables. Values for blood and serum analyses are shown in Table 7 . The values for whole blood cadmium were calculated based on the actual analysis of washed red cells and the value of individual hematocrit. Cadmium concentrations in whole blood and red blood cells were not significantly affected by eating large amounts of sunflower kernels. Calculated whole blood but not RBC cadmium was significantly higher in men than women (p<0.04). Typically, hematocrit, hemoglobin, ferritin, and serum iron concentrations were higher in men than women, but there were no significant differences caused by kernel intake. There were no significant differences in serum zinc concentrations between sex or sunflower kernel intakes. Although the apparent intake of copper was elevated in volunteers who consumed the higher amount of sunflower kernels, this was not reflected in a change in the concentrations of serum copper; however, women had significantly higher serum copper than men (p<0.04). Serum urea nitrogen and creatinine concentrations were within cBecause the data for these parameters did not follow a normal distribution, a natural logarithm transformation was performed before the ANOVA was run. These values represent the back transformed means plus 1 SD range. normal ranges and were unaffected by sunflower kernel consumption ( Table 7) . Analysis of cadmium concentration in urine (Table 8) showed no significant effect of sunflower kernel intake; however, the activity of urinary NAG, used to monitor kidney dysfunction and expressed as U/1, was significantly higher in volunteers consuming Environmental Health Perspectives * Volume 105, Number 10, October 1997 the higher amount of sunflower kernels (p<0.02). On average, the amount of NAG activity in this group was about 22% higher in women and 17% higher in men. However, when expressed as a function of urine creatinine, there were no significant differences. Expressed in this fashion, women excreted significantly more NAG than men (p<0.002).
Urinary P2MG is a small molecular mass protein that also is used to monitor kidney dysfunction. Although the variation in amounts excreted between subjects was relatively large, an analysis of the ln transformed data expressed on a urine volume basis showed that significantly more of the protein was excreted by volunteers consuming high amounts of sunflower kernels than by those consuming a lesser amount (p>0.03; Table 8 ). However, when ,B2MG was expressed as a function of creatinine concentration, there was no significant difference caused by sunflower kernel consumption (p = 0.092). On this basis, women tended to excrete more p2MG than men (p = 0.055).
Discussion
The primary objective of this study was to determine ifwe could detect a change in cadmium status of individuals who reported regular consumption of sunflower kernels that contained a natural concentration of cadmium, which is higher than in most other types of food. To make this determination, we used a battery of tests that have been used by other investigators to monitor dietary cadmium intake, cadmium concentrations in the body, and possible physiological effects of an excessive cadmium burden. These included food intake diaries to monitor cadmium intake, the concentrations of cadmium in RBCs and cadmium excretion in urine and feces to monitor body burden, and urinary proteins such as NAG and p2MG to monitor physiological effects.
Dietary cadmium intake was determined by database calculations of the cadmium content of foods reported by individuals in a 7-day food diary. Because the database underestimated cadmium content of the diets, the values were corrected by determining the differences between calculated and actual analyzed cadmium values in identical daily diets of one individual over a 7-day period. Although this method may seem somewhat inexact, the values obtained were comparable to those found by other investigators. Our control subjects who consumed few sunflower kernels had dietary cadmium intakes of approximately 36 ± 15 pg/day (mean ± SD). In a metabolic study by Spencer et al. (8) , the analyses of 16 diets made up of natural foods showed a daily intake of 33 ± 1 pg cadmium. However, Berglund et al. (9) reported an average cadmium intake of only In our study, women who reported consuming >1 oz sunflower kernels/week had cadmium intakes not significantly different than the controls. However, men who reported consuming >1 oz sunflower kernels/week had cadmium intakes that were nearly twice as high as the controls. The difference between the intakes of men and women could have been due in part to the fact that six out of the eight men in the high intake group reported eating more than 1 oz sunflower kernels/day, while none of the nine women in the high intake group reported consuming that much. cBecause the data for these parameters did not follow a normal distribution, a natural logarithm transformation was performed before the ANOVA was run. These values represent the back transformed means plus 1 SD range.
Although the dietary intake of cadmium was significantly higher in some of those individuals reporting high consumption of sunflower kernels, there were few changes in the cadmium status monitoring indices. RBC or whole blood concentrations of cadmium and urinary excretion of cadmium were not affected by high consumption of sunflower kernels. Whole blood cadmium across kernel intakes ranged from 0.14 to 1.29 pg/l in females and 0.33 to 1.27 pg/l in males. These values were similar to those reported for whole blood cadmium by others. Iyengar and Woittiez (10) reported a range of 0.3 to 7.0 pg/l for whole blood cadmium in 53 nonsmokers. These data were based on a worldwide survey of reliable laboratory values, but sex was not specified. Berglund et al. (9) reported a range of <0.09-0.96 pg of cadmium/l whole blood of nonsmoking Swedish women. These investigators also showed a highly significant positive correlation between the concentrations of serum ferritin and blood cadmium, but we could not demonstrate a correlation in our sampling of subjects (correlations not shown). Vahter et al. (11) reported that women who increased their cadmium intake twofold (from 10 Other dietary factors affect cadmium availability. These include zinc (13) , copper (14) , fiber (9) , and phytate (15) . An increased intake of sunflower kernels not only will increase cadmium intake but also the intake of copper and phytate. In turn, this could reduce the availability of cadmium from this food source. Reeves et al. (16) showed that cadmium availability to rats fed purified diets containing 20% ground sunflower kernels was less than that from similar diets not containing kernels. They contributed part of this reduction in availability to the elevated phytate content of the diet. An increase in copper intake as a result ofconsuming sunflower kernels, as shown in the present study, also could contribute to less cadmium availability from sunflower kernels.
Elevated NAG activity and the amount of p2MG in urine are generally accepted as good indicators of excessive cadmium exposure. NAG activity has been shown to increase in a variety of renal diseases (17, 18) and has been observed to be higher in individuals exposed to cadmium-polluted areas (19) and to cadmium in the work-place (20, 21 Kowal and Zirkes (23) showed that adults in the age range represented in our study, and not exposed to environmental cadmium, had urine 32MG concentrations (microgram per gram creatinine) that were 60% higher than those in our control volunteers who reported consuming very little if any sunflower kernels. The use of ,B2MG and NAG as useful monitors for cadmium exposure has been questioned because 1) P2MG is notoriously unstable, both P2MG and NAG are affected by age, and the variability between subjects is high; and 2) a normal range of excretion has not been clearly established. Therefore, although we observed a small increase in urine protein markers in subjects who consumed high amounts of sunflower kernels, they were not outside the normal ranges found by other investigators (23, 24) . In addition, because we could not distinguish between subjects who ate sunflower kernels with low amounts of cadmium from those who ate kernels with very high amounts, there was no way to determine if the consumption of the kernels themselves did not cause the apparent rise in these protein markers.
Whether the present findings indicate that elevated, long-term consumption of low levels of cadmium from sunflower kernels is potentially hazardous should be weighed against the limitations of this study. First, and perhaps the most important, is the small number of subjects in each group. A sample number analysis based on the variance of the urinary protein variables showed that in order to obtain a 25% difference between groups with a power of 0.8, we would need approximately 30 subjects/group. Unfortunately, it was very difficult to obtain this many subjects who report high consumption of sunflower kernels. The sunflower kernel is a speciality food and is not consumed by a large majority of the population. Women in general do not eat high amounts of sunflower kernels, perhaps because of their high caloric content. We identified specific groups of men who were likely to consume sunflower kernels. These groups included baseball and softball players, delivery and long distance drivers, and line workers in sunflower kernel processing plants. However mind, it is evident that with the present concentration of natural cadmium in sunflower kernels, a very high habitual consumption of the kernels will lead to an elevated weekly intake of food cadmium. Whether this in turn will eventual lead to long-term health effects is still to be determined, and these determinations should be pursued with controlled human feeding studies.
